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Abstract: This talk presents the effect of atomic scale mechanisms, caused by ions bombarding a silicon surface,
on stress evolution and on the surface instability that leads to nanometer-scale surface pattern formation. lIon
bombardment serves as a useful nanomanufacturing procedure to make/alter MEMS devices, optical gratings, and
nanomechanical templates. Control of stresses and surface structures are critical in most MEMS and nanoscale
devices created by ion bombardment. Argon ion bombardment of silicon with ion energies of 500eV, an energy that
is typical in pattern formation experiments, are studied using Molecular Dynamics (MD) simulations. An
interplanar mechanical definition of atomic-scale stress shows the existence of 1-2GPa stresses near the surface. An
impact response function representing the continuum change in surface height due to an average ion impact at a
random surface point is also computed to study pattern formation. Simulations using statistically averaged impact
response functions (called crater functions) and continuum diffusion equations demonstrate nanometer-scale pattern
formation on micron-sized silicon surfaces. The long-time pattern heights obtained from these multiscale
simulations explain experimental observations better compared to mechanisms that only include sputter effects. The
nanoscale mass rearrangement mechanism explains these observations and suggests significant deviations from
sputter-only pattern formation theories.
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